addition, FIV-infected cats showed -30% of rapid eye movement (REM) sleep reduction compared to controls. The latency to sleep and REM sleep onset was also significantly delayed in FIV-infected cats. In addition, a remarkable increase in cortically recorded spindle activity (8) (9) (10) (11) (12) (13) Hz) was observed during slow-wave sleep in some infected subjects, similar to changes described in HIV-infected humans. Moreover, infected cats exhibited no overt signs of systemic morbidity, such as hyperpyrexia or body weight loss. These results indicate that FIVinfected cats exhibit sleep abnormalities similar to the sleep disturbances previously described in AIDS patients and further support the feline preparation as a valuable animal model of HIV infection of the central nervous system. The early entry of human immunodeficiency virus (HIV) into the central nervous system (CNS) (1) causes neuropsychiatric symptoms, which are often the first clinical mnanifestation of AIDS (2) .
Systematic studies seeking to understand the pathogenesis of brain changes during HIV infection and AIDS have demonstrated that specific changes in sleep architecture may precede the first neuropsychiatric symptoms. In fact, Norman et al. (3) have described that HIV+ patients show distinctive changes of sleep patterns in that slow-wave sleep was specifically increased during the second half of the night. Moreover, they reported an increase in the number of overall awakenings throughout the night and an increase in the amount of electroencephalographic (EEG) frequencies in the 8-to 13-Hz range appearing during slow-wave sleep. In contrast, Kubicki et al. (4) have described a reduction in slow-wave sleep and rapid eye movement (REM) sleep in more severely compromised AIDS patients. A correlation between absolute CD4+ cell counts and an increase of sleep complaints has been described in asymptomatic HIV+ individuals (5, 6) .
To examine the lentivirus-derived pathophysiological sequelae in the CNS, we have used an animal model of AIDS, the feline immunodeficiency virus (FIV)-infected cat. FIV, a closely related member of the family Lentiviridae to which HIV belongs (7) (8) (9) , is a natural pathogen of domestic cats, producing a syndrome similar to that caused by HIV in humans (10) . FIV mimics HIV cellular tropisms, invading the CNS a few weeks after experimental inoculation (11) , and produces several neurological and electrophysiological disturbances (12, 13) similar to the alterations observed in humans (3, 14) .
In this study, we analyzed the sleep/wake cycle of FIV+ cats that exhibited a reduction in CD4+ counts and also demonstrated several neurological and electrophysiological abnormalities (13 fluid (CSF) were taken serially after inoculation to determine the presence of the virus in these cats. FIV antibodies and CD4+ cell determinations were also performed as described (13) .
Felines were group housed in two rooms, with FIVinfected cats separated from sham-inoculated subjects. Both groups were allowed ad libitum access to food and water. The dark/light cycle was controlled (12:12, lights on at 6:30 a.m.). Both groups were physically examined at frequent intervals for gross general and neurological signs. Core temperatures were evaluated daily with a rectal thermistor probe.
Surgical Procedures. At 10-12 months after the inoculation with FIV, control and infected cats were premedicated for anesthesia with ketamine hydrochloride (7 mg/kg) and atropine sulfate (0.04 mg/kg) and then were intubated and maintained under anesthesia with halothane (0.5%). A set of stainless steel screw electrodes was placed in the parietal and The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
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frontal bones to record EEG activity. Two additional leads were placed in the frontal sinus to record eye movements (electrooculogram; EOG). Two wire electrodes were inserted into the nuchal musculature to monitor electromyographic (EMG) activity. After surgery, generic analgesics were given to the cats, as needed, by veterinarian staff.
Felines were allowed to recover for at least 2 weeks and then were individually acclimatized for 5 days in an environmental chamber (BRS/LVE large animal cubicle: 89-cm height x 86-cm width x 74-cm depth). Cats were recorded for 7.5 hr (8:00 a.m. to 3:30 p.m.) on a Grass polygraph (model 78) over three sequential days. EEG activity was simultaneously recorded on an FM instrumentation tape recorder (Hewlett-Packard) for later off-line analysis of the EEG frequency spectra (data not shown).
Polysomnographic recordings were visually analyzed and scored by two independent readers. Only the last day of recording was considered in the analysis. The latency, duration, and percentage of total sleep time of discrete sleep states were determined. Spindle activity was also quantified by counting the frequency of occurrence in all the felines.
Statistical analysis of the data was determined by using a Student t test.
RESULTS
Virus Isolation, FIV Antibodies, and CD4 Lymphocyte Determinations. FIV was recovered from serum, CSF, and peripheral blood mononuclear cells of the infected cats. Anti-FIV antibodies were also detected in the serum of all FIV-infected subjects by week 8 of infection. All the controls remained seronegative. A decrease in circulating CD4+ lymphocytes was also seen in the FIV cats (13) .
Physical Examination. Early in the postinoculation period, delayed righting and pupillary reflexes (by 8 weeks postinfection) and anisocoria (by 12 weeks) were detected. However, these signs were expressed intermittently throughout the next 15 months of observation. Miscellaneous skin infections, including cutaneous ulcers, acne, etc., were observed in some of the FIV cats (see ref. 13) . No abnormal changes in the core temperature or body weight of either group were detected.
Behavioral Signs. During the physical examination and during the recording periods, a growing neophobia and reticence of handling were noticed in FIV-infected cats-i.e., lack of affection, fearfulness, and nonaggressive escape behavior. These signs were observed to a greater or lesser degree in all FIV-infected cats.
EEG Changes. Visual inspection of the EEG of the FIVinfected cats suggested an increase in the appearance of spindle activity, an EEG frequency between 8 and 13 Hz (Fig.  1) , during slow/wave sleep (non-REM, delta sleep). Further quantification showed a remarkable increase (>100%) of spindle density in the infected cats compared to the shaminoculated controls (mean + SEM of number of spindles per min; normal, 1.73 ± 0.06; FIV cats, 3.62 + 0.51; P = 0.03).
Sleep Architecture Disturbances. The sleep/waking cycle was classified on the bases of the EEG, EOG, and EMG in four states: waking, slow-wave sleep 1, slow-wave sleep 2, and REM sleep. This sleep/waking cycle classification is based on standardized criteria (15) . Visual inspection of the hypnograms (Fig. 2) provides clear evidence of sleep disruption in the FIV-infected compared to the sham-infected cats.
Comparison of the FIV group with the control group demonstrated an increase of the total time spent in wakefulness (50%). Likewise, FIV cats exhibited a substantial reduction in REM sleep (30%). In addition, the latency to sleep onset as well as latency to the first REM sleep period was delayed (Fig. 3) Both EEG and sleep disturbances have been described in HIV+ and AIDS patients as a primary sign of this disease (3, 4, 16) . In our study, sleep recordings were made =12 months after virus inoculation, a time when these cats exhibited no overt clinical signs of the AIDS-like disease. Our observations confirm findings in humans and support the notion that sleep abnormalities can be detected early in the progression of the disease (3). However, additional work is required to determine how early after FIV infection these sleep changes can be detected.
Although the underlying pathophysiology of these sleep disturbances is unknown, several investigators have described immunological changes that accompany the progression of the disease in humans that may account, in part, for the sleep alterations. For example, there is a substantial elevation of the cytokines interleukin 1, interleukin 6, and tumor necrosis factor a (TNF-a) in the CSF of HIV+ patients (17) . These cytokines, when administered intraventricularly, have been shown to alter sleep patterns in several animal models (18) . Moreover, a positive correlation between the cyclic variations in blood levels of TNF-a and EEG delta Neurobiology: Prospe'ro-Garci'a et al. Alternatively, it has been suggested that another mechanism by which HIV may produce brain pathology is through the release of viral envelope glycoproteins-for example, the surface glycoprotein of the viral envelope (SU-Env), also known as glycoprotein 120 (19) . SU-Env may exert its effect by activating glutamatergic receptors (19) or by the release of compounds with glutamate-agonist activity, like quinolinic acid. Indeed, an augmentation of quinolinic acid has been reported in the CSF of patients with AIDS dementia (20) and in monkeys infected with simian immunodeficiency virus (21) . Furthermore, the infusion of a high concentration of glutamate into the dorsal mesopontine area increases waking and reduces REM sleep in cats (22) . Brainstem cholinergic systems were implicated in this selective effect on REM sleep (22) . Interestingly, another investigation has suggested that human SU-Env glycoprotein binds to cholinergic receptors (23) .
We have purified SU-Env from FIV and administered it into the brain ventricles of rats (24) . The glycoprotein (200 ng) produced an increase in wakefulness and a decrease in REM sleep during the postinjection recording period. Slow-wave sleep was also reduced during the first 2 hr. This finding supports the possibility that the disturbances observed in the FIV cats and in HIV+ humans may be caused by the direct or indirect actions of SU-Env.
In summary, FIV-infected cats exhibit immunological as well as electrophysiological abnormalities similar to what has been observed in HIV+ and AIDS patients. We suggest that utilization of the FIV model provides a unique opportunity to study the mechanisms by which this retrovirus damages the brain.
